Objective-Plasma phospholipid transfer protein (PLTP) is involved in intravascular lipoprotein metabolism. PLTP is known to act through 2 main mechanisms: by remodeling high-density lipoproteins (HDL) and by increasing apolipoprotein (apo) B-containing lipoproteins. The aim of this study was to generate a new model of human PLTP transgenic (HuPLTPTg) rabbit and to determine whether PLTP expression modulates atherosclerosis in this species that, unlike humans and mice, displays naturally very low PLTP activity. Methods and Results-In HuPLTPTg rabbits, the human PLTP cDNA was placed under the control of the human eF1-␣ gene promoter, resulting in a widespread tissue expression pattern and in increased plasma PLTP. The HuPLTPTg rabbits showed a significant increase in the cholesterol content of the plasma apoB-containing lipoprotein fractions, with a more severe trait when animals were fed a cholesterol-rich diet. In contrast, HDL cholesterol level was not modified in HuPLTPTg rabbits. Formation of aortic fatty streaks was increased in hypercholesterolemic HuPLTPTg animals as compared with nontransgenic littermates. 
H uman plasma contains 2 distinct lipid transfer proteins (cholesteryl ester transfer protein [CETP] and phospholipid transfer protein [PLTP] ) that promote the rapid exchange of lipid species between circulating lipoproteins, as well as between circulating lipoproteins and cells. 1 Although most reported data agree that the putative implication of CETP in lipoprotein metabolism and atherosclerotic process mostly concerns the net transfer of cholesteryl esters from antiatherogenic high-density lipoproteins (HDL) to potentially atherogenic apolipoprotein (apo) B-containing lipoproteins, 1 the precise function of PLTP and its consequences in terms of atherogenesis remain a matter of debate. PLTP was identified initially for its ability to promote the transfer of phospholipids from triglyceride-rich lipoproteins to HDL in the postprandial phase. 2 Subsequent studies reported that PLTP is also a key player in the HDL conversion process, leading to the emergence of large and small HDL products. 3, 4 Recently, PLTP in human plasma was shown to reside mainly on lipid-poor complexes in association with proteins linked to immunity and inflammation, suggesting that the biological function of PLTP is rather complex in nature. 5 In support of this view, PLTP expression in the mouse was found to increase the production of apoB-containing lipoproteins by the liver 6 and intestine, 7 to decrease very low density lipoprotein (VLDL) catabolism, 8 to reduce the antioxidant protection of atherogenic lipoproteins, 9, 10 to trigger inflammation, 11 and to promote the association of lipopolysaccharides with circulating lipoproteins. 12 All these properties have long been shown to influence the atherosclerotic process, whether acting individually or in a combined manner.
High plasma PLTP concentrations were earlier reported in diabetic patients, who are known to be at high risk of atherosclerosis and cardiovascular disease. 13 Accordingly, the level of plasma PLTP activity was found to have an independent predictive value for carotid intima-media thickness and coronary artery disease in high-risk patients. 14, 15 In a cohort of Chinese patients with or without coronary artery disease, plasma PLTP activity was recently shown to associate nega-tively with plasma HDL and apoAI levels and positively with plasma triglycerides, apoB levels, and apoE levels. 16 In a large cross-sectional study, high PLTP in diabetics was associated with significant changes in HDL size distribution, as well as with an increase in apoB-containing lipoprotein level. 17 In recent genome-wide analyses, a number of loci were found to associate with HDL cholesterol and triglycerides; among them, one was localized at the PLTP gene. 18 In a hyperalphalipoproteinemic human population, carriers of the rs2294213 allele of the PLTP gene were found to combine markedly elevated VLDL cholesterol, modestly elevated triglycerides, and modestly decreased HDL cholesterol. 19 In patients with carotid artery disease, single-nucleotide polymorphisms associated with PLTP activity were found to predict variation in low-density lipoprotein (LDL) cholesterol but not in HDL cholesterol. 20 By combining several casecontrol studies, a gene score based on PLTP variants with low PLTP transcription and activity was found to associate with changes in the size and number of HDL, as well as with a decreased risk of cardiovascular diseases. 21 Overall, and although human studies support PLTP as a cardiometabolic risk factor, it remains unclear at this stage whether the increased susceptibility to atherosclerosis related to the high PLTP trait 15, 22, 23 mainly concerns decreased HDL concentrations, increased apoB-containing lipoprotein level, decreased antioxidative protection of lipoproteins, or a combination of these abnormalities.
Elucidation of the relative contribution of distinct PLTP functions to lipoprotein metabolism and atherogenesis in earlier animal studies might have been blurred in part because they were conducted mostly, if not only, in the mouse model. Indeed, unlike humans, the mouse is characterized by undetectable plasma CETP activity, high HDL cholesterol, low apoB-containing lipoproteins, and low susceptibility to atherosclerosis. Even with the recent use of mouse models combining hyperlipidemia and elevated susceptibility to atherosclerosis, the overwhelming accumulation of apoBcontaining lipoproteins and elevated expression of a human PLTP transgene in the mouse CETP-deficient background may have been significant drawbacks. [5] [6] [7] [8] [9] [10] The rabbit model displays several advantages over rats and mice. Unlike rats and mice, but like humans, the rabbit is an atherosusceptible species that combines high CETP activity and an accumulation of plasma apoB-containing lipoproteins when fed a cholesterol-enriched diet. 24, 25 In addition, the rabbit displays the lowest plasma PLTP activity ever reported among vertebrate species, whereas the mouse is the animal species with the highest PLTP activity. 26 Thus, although a clear phenotype after additive PLTP transgenesis in the mouse arose in those animals only with pronounced or sufficient increases in PLTP expression level, 27 it can be postulated that moderate expression of human PLTP in the low-PLTP rabbit model might be sufficient to produce a significant alteration in lipoprotein metabolism. The first transgenic rabbit model expressing the human PLTP gene and with moderate increments in plasma phospholipid transfer activity was generated in the present study, with the human PLTP transgene placed under the control of the ubiquitous human eF1-␣ gene promoter. Consequences on lipoprotein profile and atherogenesis were addressed.
Methods
A Supplemental Methods section is available online at http://atvb.ahajournals.org.
Recombinant human and rabbit PLTP were produced by transfection in human colorectal carcinoma HCT116 cells. To generate human PLTP transgenic (HuPLTPTg) New Zealand White rabbits, the human PLTP cDNA was inserted into the pMd3 vector, which is known to produce a ubiquitous expression of transgenes in the rabbit. 28 PLTP activity was measured using a commercially available fluorescence activity assay (Roar Biomedical Inc, New York, NY) or a radioactive transfer assay. Lipoproteins were separated by ultracentrifugation, gradient gel electrophoresis, or fast protein liquid chromatography. For the atherosclerosis study, the rabbits were fed a 1% cholesterol-enriched diet, and atherosclerotic lesion areas were determined by en face observations.
Results

Characterization of Rabbit PLTP
Among 14 vertebrate species, the rabbit was found to display one of the lowest plasma phospholipid transfer activities. 26 Rabbit PLTP cDNA has a high, 86.1% homology with human PLTP cDNA, despite duplication of the REVIDKN sequence in the C terminus of the rabbit protein. 29 The 7-amino-acid insertion was confirmed in the present study, but here, as in humans, baboons, pigs, mice, and cows, with an isoleucine instead of a methionine at position 395 of the rabbit protein (GenBank AF 382033). To work out whether low phospholipid transfer activity in rabbit plasma might relate to dysfunctional PLTP, recombinant rabbit and human mature PLTPs were obtained by transient transfection in human HCT116 cells. In both cases, similar amounts of a unique 80-kDa protein were detected by Western blot in the culture media of transfected cells but not in that of mock-transfected cells ( Figure 1A) . PLTP of either source showed similar specific phospholipid transfer activities ( Figure 1B ).
Generation of PLTP-Transgenic Rabbits
We generated a new model of transgenic rabbit in which the human PLTP gene was placed under the control of the human eF1-␣ gene promoter (HuPLTPTg rabbits) (Figure 2A ). Three founders (HuPLTP2, HuPLTP3, and HuPLTP4) were identified using polymerase chain reaction ( Figure 2B ). Human PLTP is a secreted protein, and its expression produced a significant increase in the plasma level of human PLTP in the HuPLTP3 rabbit founder as assessed by Western blot analysis with anti-human PLTP antibodies ( Figure 2C ). Accordingly, and as compared with wild-type (WT) controls, human PLTP transgene expression produced a marked increase in phospholipid transfer activity in the plasma of the HuPLTP3 founder, with a moderate but still significant increase in the HuPLTP4 founder ( Figure 2D ). As expected, and as compared with WT littermates, significant increases in the level of PLTP protein ( Figure 3A ) and phospholipid transfer rate ( Figure 3B) were measured in the plasma of heterozygotes from the HuPLTP3 F1 generation, with transfer values lying between those found in WT rabbit plasma and those found in normolipidemic human plasma by using a fluorimetric assay ( Figure 3B ). By using a radioassay with radiolabeled liposomes as donors and isolated HDL as acceptors, phospholipid transfer rate was again higher in HuPLTPTg rabbits than in WT rabbits, here with similar transfer values in normolipidemic human plasma and HuPLTPTg rabbit plasma ( Figure 3C ). In good agreement with earlier observations in Chinchilla Bastard rabbits, 29 expression of the rabbit PLTP gene was not confined to a given tissue in New Zealand White rabbits, and pancreas and adipose tissue expressed elevated amounts of rabbit PLTP mRNA ( Figure  3D ). Substantial levels of human PLTP mRNAs were detected in liver, adipose tissue, pancreas, kidney, lung, brain, heart, and spleen of HuPLTPTg rabbits, exceeding in all cases the level of endogenous rabbit PLTP mRNA as indicated by the human to rabbit PLTP mRNA ratio ( Figure 3D ).
PLTP-Mediated Changes in Plasma Lipid Levels and Lipoprotein Distribution in HuPLTPTg Rabbits on a Chow Diet
As shown in Figure 4A , quantitative analysis of plasma parameters in HuPLTPTg rabbits fed a chow diet revealed higher cholesterol content of non-HDL, apoB-containing lipoproteins as compared with WT littermates, reaching the statistical significance level for the male subgroup only. In contrast to non-HDL cholesterol, PLTP expression produced no significant changes in other plasma parameters, including HDL cholesterol, phospholipids, triglycerides, apoAI, and apoB ( Figure 4A ). Fast protein liquid chromatography analysis of plasma from HuPLTPTg rabbits fed a chow diet revealed that PLTP expression was accompanied by 2 types of alterations as compared with the lipoprotein spectrum of WT controls. First, it produced a slight shift of the HDL peak toward the large size range (with a moderate, Ϸ1.5-nm increment in the mean diameter of plasma HDL as determined by polyacrylamide gradient gel electrophoresis; Supplemental Figure I ) but with no change in net cholesterol and triglyceride content of the HDL-containing fractions ( Figure  4B and 4C). Second, enhanced PLTP expression tended to increase the cholesterol and triglyceride contents of the LDL fraction, with the statistical significance being reached only for the fast protein liquid chromatography/LDL-containing fractions numbered 15 to 20 ( Figure 4B and 4C) . In further support of LDL changes in chow-fed animals, HuPLTPTg LDL were of larger size than WT LDL on polyacrylamide gradient gels, and the cholesterol to protein ratio of isolated LDL was significantly higher in HuPLTPTg than in WT rabbits ( Figure 4D and 4E) . Percentage composition analysis of individual lipoprotein classes (including VLDL, intermediate density lipoprotein/LDL, and HDL) did not reveal marked differences between HuPLTPTg and WT rabbits, with the exception of significant increases in HDL free cholesterol content and HDL free cholesterol to cholesteryl ester ratio in HuPLTPTg rabbits (Supplemental Table I ). The latter point is consistent with earlier mouse observations by Jiang et al, 27 and it was proposed to relate directly to the transfer activity of PLTP rather than to putative alterations in lecithin:cholesterol acyltransferase activity, which in the present study was identical in HuPLTPTg and WT rabbits whether they were fed the standard chow (0.607Ϯ0.022 versus 0.535Ϯ0.027 AU, respectively; not significant) or the hypercholesterolemic diet (0.176Ϯ0.010 versus 0.160Ϯ0.010 AU, respectively; not significant). Finally, the occurrence of HDL enlargement in the absence of alterations in the relative composition of the HDL core is consistent with the previously described HDL fusion process mediated by PLTP. 30 
Cholesterol Feeding Exacerbates PLTP-Mediated Changes in ApoB-Containing Lipoproteins of HuPLTPTg Rabbits
Male rabbits were fed a cholesterol-enriched diet for 4 and 8 weeks. As expected, 26 this produced a major, up to 10-fold increase in plasma cholesterol concentration with a moderate, approximately 2-fold increase in plasma triglycerides as compared with animal counterparts fed the standard chow ( Figure 5A ). After 4 weeks of the high-cholesterol diet, PLTP expression produced 2-fold increases in plasma total cholesterol and triglycerides in HuPLTPTg as compared with WT rabbits. Higher concentrations of non-HDL cholesterol were still observed in HuPLTPTg rabbits when fed the hypercholesterolemic diet for 8 weeks, and at this later time point approximately 2-fold increases in plasma triglycerides were observed in both WT and HuPLTPTg rabbits as compared with littermates fed the standard chow ( Figures 4A and 5A) . Again, and as observed above in chow-fed animals, CRP levels did not differ in HuPLTPTg and WT rabbits fed the cholesterol-enriched diet for 8 weeks ( Figure 5A ). Only non-HDL lipoproteins accounted for magnified hypercholesterolemia in the transgenic animals ( Figure 5 ), and the cholesterol content of the ultracentrifugally isolated HDL remained constant in HuPLTPTg and WT rabbits whether they were fed the cholesterol-enriched diet for 4 or 8 weeks ( Figure 5A ).
Whereas accumulation of cholesterol was restricted to the fast protein liquid chromatography fractions in the LDL size range in chow-fed HuPLTPTg rabbits ( Figure 5B ), significant increases in the cholesterol contents of both VLDL-and LDL-containing fractions were observed in cholesterol-fed HuPLTPTg rabbits as compared with their WT counterparts ( Figure 5B ). In contrast to rabbits fed the chow diet, less than 20% of total plasma cholesterol was associated with HuPLTPTg HDL and WT HDL after high-cholesterol feeding. As shown in Supplemental Figure II , phospholipid transfer activity measured with the radioassay was 3-fold higher in the plasma of HuPLTPTg rabbits compared with WT rabbits, with consistent observations whether animals were fed the standard chow or the cholesterol-enriched diet. Percentage composition analysis of individual lipoprotein classes (including VLDL, intermediate density lipoprotein/LDL, and HDL) did not reveal clear differences whether cholesterol-fed rabbits expressed the human PLTP transgene or not. In further support of an increased number, rather than cholesterol enrichment of individual lipoprotein particles accounting for the more severe hypercholesterolemic trait in HuPLTPTg rabbits, the approximately 50% mean increment in non-HDL cholesterol in those animals as compared with their a PϽ0.05 versus WT counterparts (t test). Plasmas from WT and transgenic rabbits were passed through a Superose 6 HR column, and total cholesterol (B) and triglyceride (C) content of individual fractions was determined. Values are meanϮSEM. D, Total plasma lipoproteins (dϽ1.21 g/mL fraction) were subjected to electrophoresis on native 15 to 250 g/L polyacrylamide gradients gels, and LDL size distribution was determined by comparison with protein standards ( 2 test). E, The cholesterol and protein contents of LDL isolated as the 1.006ϽdϽ1.063 fraction were determined as described in Materials and Methods. *PϽ0.05 versus WT counterparts (t test).
WT counterparts was accompanied by a similar, approximately 50% mean increment in plasma apoB concentration ( Figure 5A ).
High ApoB-Containing Lipoprotein Levels Are Associated With Increased Atherosclerosis Susceptibility in HuPLTPTg Rabbits
Male HuPLTPTg and WT rabbits were fed the high-cholesterol diet for 8 weeks, and the extent of fatty streaks was quantified on en face mounts of the aortic arch and descending aorta after Oil Red O staining. As shown in Figure 6 , computerized morphometry revealed that the area of atherosclerotic lesion on the stained aorta was significantly increased in HuPLTPTg rabbits as compared with WT controls (PϽ0.05). A significant impact of PLTP expression was even more obvious when distinguishing between transgenic animals with supramedian and inframedian plasma PLTP activity values ( Figure 6B ). Indeed, HuPLTPTg rabbits with supramedian PLTP activity displayed 92% and 57% higher lesion areas as compared with both WT and HuPLTPTg rabbits with inframedian PLTP activity, respectively (PϽ0.05 in both cases; Figure 6B ). As shown in Supplemental Figure  III , immunostaining of aortic lesions revealed accumulation of macrophages in the subendothelial cells, which was associated with thickening of arterial intima in both WT and HuPLTPTg rabbits. No evidence for advanced lesions, for instance with smooth muscle cell recruitment in the intima, could be brought in either WT or HuPLTPTg rabbits (Supplemental Figure III) . Lesion features in rabbits fed the cholesterol-enriched diet for 8 weeks are consistent with earlier data in rabbits fed a 1% cholesterol-containing diet for 10 weeks. 31 Among both WT and HuPLTPTg rabbits, significant positive correlations between lesion size and VLDLϩLDL cholesterol levels were observed (ϭ0.562; nϭ24, Pϭ0.0071 in HuPLTPTg rabbits; ϭ0.542, nϭ23, Pϭ0.011 in WT rabbits). Plasma PLTP activity correlated positively with lesion size in the HuPLTPTg rabbits only (ϭ0.530, Pϭ0.011), not in the WT rabbits (rϭ0.185, not significant). This suggests that plasma PLTP activity level became high enough in the HuPLTPTg rabbits to behave as a significant determinant of the extent of aortic lesions, but it was insufficient in the WT rabbits, in which plasma PLTP activity level is known to be in the low range as compared with other vertebrate species. 26 Finally, neither plasma HDL cholesterol levels nor the ␣-tocopherol content of lipoproteins correlated with the lesion area in either group (Supplemental Figure IV) .
Discussion
PLTP is a member of the lipid transfer/lipopolysaccharide binding protein gene family and can be secreted by a large variety of tissues. It has the ability to bind and transfer a number of amphipathic compounds, including phospholipids, unesterified cholesterol, diacylglycerides, vitamin E, and lipopolysaccharides. 1, 3, 4, 11 It is shown here that rabbit PLTP is as effective as human PLTP in transferring phospholipids in vitro, but with a lower phospholipid transfer rate in rabbit plasma. Unlike the mouse, the rabbit combines high plasma CETP activity, substantial levels of apoB-containing lipoproteins that are similar to those found in humans, production of apoB100-containing VLDL by the liver, and high susceptibility to diet-induced hypercholesterolemia and atherosclerosis. 24, 25 Although this makes the rabbit a highly relevant model for additive PLTP transgenesis to explore the pathophysiological relevance of PLTP functions, it should be borne in mind that rabbit also displays a number of differences from humans (eg, hepatic lipase and apoAII deficiency) that might have an impact on results obtained in this species.
In the present study, the human PLTP gene was placed under the control of the ubiquitous human eF1-␣ gene promoter, which made it possible (1) to obtain an expression level of the transgene with a construct similar to the one successfully used by our group to generate transgenic rabbits expressing the enhanced green fluorescent protein, 28 (2) to reproduce a widespread tissue distribution of PLTP as observed in WT animals, 29 (3) to minimize the tissue-specific effects that can occur locally when PLTP is produced exclusively at 1 given site, 32 and (4) to investigate the systemic effect of circulating PLTP in animals with normolipidemia or diet-induced hypercholesterolemia. Although increases in the PLTP protein level paralleled increments of plasma phospholipid transfer activity (Figure 3) , additional studies will be needed to determine in transgenic rabbits the contribution of the human PLTP transgene expression to the low versus high active forms of circulating human PLTP. 33, 34 The HuPLTPTg rabbits provided a unique model to address in the present study the crucial yet controversial implication of PLTP in atherosclerosis.
Earlier in vitro studies reported that PLTP has the ability to enlarge HDL, with no effect on LDL size and with inconstant production of minor small HDL subpopulations. 3, 4 HuPLTPTg rabbits here displayed moderate HDL enlargement as compared with WT rabbits, but with no concomitant increase in subpopulations of smaller particles. Again, this occurred in the absence of significant changes in plasma HDL cholesterol levels. These observations in HuPLTPTg rabbits clarified the role of PLTP in the HDL conversion process in a species whose lipoprotein parameters are closer to humans than are those of mice. In genetically engineered mice, contradictory observations were reported with either no change, a PLTP-mediated increase, or a PLTP-mediated decrease in HDL particle size. 27, [35] [36] [37] [38] [39] In contrast, the present rabbit data resemble some human observations in which increased PLTP activity was associated with enlarged HDL. 17, 40 It is likely to result from the previously described conversion process involving the fusion of HDL particles of intermediate size. 30 Unlike HDL cholesterol, apoBcontaining lipoprotein cholesterol underwent a clear rise in HuPLTPTg rabbits, and there was a much stronger effect when the animals were shifted from the standard chow to the high-cholesterol diet. Again, these data are in contrast with mouse data, in which the plasma HDL fraction predominates. 27,36 -39 In the HuPLTPTg rabbit model, the PLTP transgene was placed under the control of the ubiquitous human eF1-␣ gene promoter, which is not known to respond to dietary cholesterol. Accordingly, PLTP transfer rates were identical in HuPLTPTg rabbits whether they were fed the standard chow or the cholesterol-enriched diet. Thus, the shift from a dual effect on HDL enlargement and moderately increased LDL cholesterol in chow-fed HuPLTPTg rabbits to a severe and isolated increase in VLDLϩLDL cholesterol in cholesterol-fed animals resulted from the lipoprotein status, not from putative lipid-dependent regulation of PLTP transgene expression. In other words, the present study in both chow-fed/normolipidemic and cholesterol-fed/hyperlipidemic HuPLTPTg rabbits indicates that the impact of PLTP expression on apoB-containing lipoproteins versus HDL would be dependent mainly on the predominance of one lipoprotein class over the other. First, when HDL cholesterol predominates, PLTP has a prominent impact on HDL cholesterol and size. In this context, and as observed earlier in mice, the expression level of PLTP would actually determine the trend, ie, increases in HDL cholesterol and size with moderate increases in PLTP versus decreases in HDL cholesterol and size with high increases in PLTP. Second (and in the case of balanced HDL and apoB-containing lipoprotein pools, as was the case here in the normolipidemic chow-fed HuPLTPTg rabbits), moderate PLTP expression produces concomitant but limited changes in both HDL (which differ only in size) and apoB-containing lipoproteins (with increased cholesterol content restricted to the LDL fraction). Finally, when VLDL and LDL predominate, as here in hypercholesterolemic rabbits, PLTP expression accentuates cholesterol accumulation in these lipoproteins only, with no effect on HDL. PLTP-mediated alterations of apoBcontaining lipoproteins and not of HDL should then be considered the major concern in high-risk, dyslipidemic patients with high PLTP expression level (as is known to occur in type 2 diabetes 13 ). This view is illustrated by recent human studies in low HDL/dyslipidemic patients in whom PLTP activity was found to correlate more strongly with VLDL/LDL, than with HDL parameters. 15, 18, 19, 31, 32 Finally, and on the basis of recent mouse observations that reported that PLTP can shift toward apoB-containing lipoproteins when HDL are scarce, 33 higher amounts of PLTP are expected to associate with apoB-containing lipoproteins at the expense of HDL in cholesterol-fed rabbits as compared with animals fed the standard chow.
In an earlier study, Jiang et al 6 demonstrated in several hyperlipidemic mouse models that PLTP deficiency is associated with a marked reduction in atherosclerotic lesions.
Decreased plasma levels of apoB-containing lipoproteins were proposed as the major antiatherogenic mechanism involved. However, they were accompanied by changes in the plasma concentration of HDL, and PLTP deficiency produced no alteration in the plasma level of apoB-containing lipoproteins in LDL receptor knockout mice. In subsequent studies, atherosclerosis lesions were found to be increased in the proximal aorta of adenovirus-associated virus-PLTP-injected mice with a 2-fold increase in plasma PLTP activity, in this case, however, with no alteration in the cholesterol content of VLDL/LDL but significant decreases in the vitamin E content and antioxidative protection of apoB-containing lipoproteins. 10 Moreover, increases in plasma PLTP and in susceptibility to atherosclerosis in LDL receptor ϩ/Ϫ /HuCETPTg/ HuPLTPTg mice as compared with LDL receptor ϩ/Ϫ / HuCETPTg mice were unexpectedly associated with lowering of apoB-containing lipoproteins. 41 In this context, the present observations in cholesterol-fed HuPLTPTg rabbits bring new insights. It is now demonstrated that moderate expression of human PLTP in the rabbit model with dietinduced hypercholesterolemia is associated with increased fatty streak formation in the aorta, with up to a 2-fold increase in lesion size of HuPLTPTg rabbits as compared with WT controls. More importantly, it is clearly shown to be independent of HDL changes, which did not occur in HuPLTPTg rabbits. Correlation analysis confirmed that the size of the lesions in hypercholesterolemic HuPLTPTg rabbits was related to the VLDLϩLDL cholesterol content and neither to the HDL level nor to the vitamin E content/antioxidant protection of apoB-containing lipoproteins (ie, 2 PLTPmodifiable parameters). Two main points should be considered when addressing the putative molecular mechanism that would account for the more severe hypercholesterolemic trait of cholesterol-fed HuPLTPTg rabbits as compared with cholesterol-fed WT rabbits. First, when PLTP was found to delay the catabolism of apoB-containing lipoproteins in some of the earlier mouse studies, it was accompanied by both the accumulation of triglyceride-rich lipoproteins in plasma 35 and marked alterations in LDL structure and composition. 42 It was not the case in the present study after 8 weeks of dietary manipulation because in cholesterol-fed HuPLTPTg rabbits the plasma triglyceride concentration, as well as the overall structure and composition of circulating apoB-containing particles, remained unchanged despite a 50% increment in LDL particle number as compared with cholesterol-fed WT rabbits. In contrast, when PLTP expression was found in several mouse models to act mainly through increased lipidation and secretion of apoB-containing lipoproteins in the liver, it was not associated with significant alterations in the relative composition of apoB-containing lipoproteins secreted by the liver but only in their production rate. 38, 43 The latter view fits very well with composition analyses of the present study made in hypercholesterolemic HuPLTPTg rabbits and suggests that the molecular mechanism accounting for increased circulating apoB-containing lipoprotein levels and atherosclerosis in these animals could rely mainly on increased production of the atherogenic lipoproteins.
In conclusion, the present study demonstrates that increased VLDLϩLDL cholesterol primarily accounts for the proatherogenic effect of PLTP in hypercholesterolemic rabbits. It provides new support for the relevance of PLTP inhibition in the prevention and treatment of atherosclerosis when plasma cholesterol distribution is shifted from HDL toward the proatherogenic apoB-containing lipoproteins. Although it is promising, the PLTP inhibition strategy should be considered with caution because the inhibition of PLTP activity might at the same time modify the formation of protein complexes implicated in host defenses 5 and slow down lipopolysaccharide detoxification. 12 
